a b s t r a c t INTRODUCTION: Pneumoperitoneum (PP), or air within the abdominal cavity, is frequently a harbinger of serious abdominal pathology and often represents visceral perforation. We herein report a case of combined massive intraperitoneal free air, pneumothorax and pneumomediastinum but emergency laparotomy was negative. PRESENTATION OF CASE: A sixty-seven-year-old man was found unconscious on a road after being hit by a car. On arrival, he showed swelling of the head and flail chest. Computed tomography (CT) demonstrated cerebral contusion, multiple bilateral rib fractures, minute subcutaneous emphysema and a left hemothorax. As his consciousness and respiratory function deteriorated, tracheal intubation with mechanical ventilation with positive end-expiratory pressure was executed on the second day. On the third day, the CT scan revealed the new appearance of pneumomediastinum and massive free air in his intraperitoneal space. Emergency laparotomy was negative. DISCUSSION: The 'air leak' phenomenon, in which an alveolar air cell ruptures into the perivascular and peribronchial interstitial tissues, is a well-recognized consequence of positive end-expiratory pressure therapy. Accordingly, the deterioration of traumatic pneumothorax and/or the occurrence of pneumomediastinum after mechanical ventilation was the most likely cause of the PP in the present case. However, it remains possible that a minute unrecognized diaphragmatic injury caused the massive PP in the present case. CONCLUSION: We herein described a case of PP that occurred after mechanical ventilation in a patient with multiple injuries, but which did not originate from perforation of the gastrointestinal tract. It is most likely that the PP had an intrathoracic cause.
Introduction
Pneumoperitoneum (PP), or air within the abdominal cavity, is frequently a harbinger of serious abdominal pathology and often represents visceral perforation. Most cases of PP ultimately require surgical exploration and intervention. Approximately 85% of patients with a ruptured viscus will present with pneumoperitoneum, most often from a perforated gastric or duodenal ulcer, although patients with perforation of the colon or small bowel, or rupture of the uterus or bladder may also present with pneumoperitoneum [1, 2] . While, some cases of nonsurgical PP have also been described in the literature, and it has been suggested that these cases can be managed conservatively [1] . We herein report a case of combined massive intraperitoneal free air, pneumothorax and A sixty-seven-year-old man was found unconscious on the road after being hit by a car, which left the scene of the accident. The patient had hypertension and diabetes mellitus. On arrival, his Glasgow Coma Scale was E3V3M5, and his vital signs were as follows: blood pressure, 94/70 mmHg; a heart rate, 64 beats/min (BPM), and SpO 2 , 100% with 10 L/min by oxygen mask. He showed swelling of the head and flail chest at his trunk. Emergency chest roentgenography revealed multiple rib fractures with pneumohemothorax, which was treated by thoracostomy. Subsequently, CT demonstrated skull fracture, cerebral contusion, bilateral multiple rib fractures, minute subcutaneous emphysema and left hemothorax (Fig. 1) . A blood analysis revealed no significant abnormalities. At first, the patient was admitted to the intensive care unit for observation. However, his consciousness and respiratory function deteriorated, necessitating tracheal intubation with mechanical ventilation with positive end-expiratory pressure (PEEP) on the second day. On the third day, his subcutaneous emphysema expanded, and a second CT scan was performed. This scan revealed the expansion of subcutaneous emphysema, in addition to the new appearance of pneumomediastinum and massive free air in his intraperitoneal space (Fig. 1) . Emergency laparotomy was done which was negative. Post-operative course was no eventful. Finally, he was transferred to other medical facility for rehabilitation after he could breathe on his own without the artificial respiratory.
Discussion
Nonsurgical PP has intrathoracic, gynecological, abdominal and idiopathic causes [4, 5] . With regard to the gynecological cause, the genital tract in female patients communicates with the peritoneal cavity; this forms the basis upon which tubal patency is laparoscopically assessed in patients being investigated for infertility. Dye insufflated via the external os can be seen emerging from the fimbrial ends of a patent salpinx [4] . This portal therefore provides a route of access to the peritoneal cavity via which air or fluid may enter under various circumstances. However, this mechanism did not explain the PP in the present case because the patient was male.
The common abdominal causes of PP include pneumatosis cystoides intestinalis; PP may also occur after abdominal surgery [4] . Furthermore, intra-abdominal sepsis from gas-forming organisms may produce pneumoperitoneum [4] . The present case had no such complications.
It is most likely that the present case had an intrathoracic cause. Macklin performed basic scientific studies involving the transbronchial placement of a catheter into the lungs of a cat, which was insufflated with blasts of air at pressures of 25-130 cmH 2 O [6] . If the pressure was high and prolonged, then-in addition to subcutaneouse mphysema-pneumomediastinum occurred and air was observed around the aorta and in both pleural cavities. Surprisingly, air could also be found in the peritoneal cavity and the retroperitoneum, particularly around the loose perirenal fascia. Post-mortem and microscopic examinations suggested that air had entered into the interstitial tissues through tiny openings in the alveoli and then along the perivascular sheaths of the lung and into the mediastinum. If the pressure is continued, air dissects its way downwards along the esophagus and aorta into the retroperitoneal tissues. Ultimately, rupture of the peritoneum leads to the escape of free gas and the production of pneumoperitoneum. Patients receiving PEEP and continuous positive airway pressure therapy are at risk of spontaneous pneumoperitoneum 3 ; the 'air leak' phenomenon, in which an alveolar air cell ruptures into the perivascular and peribronchial interstitial tissues, is a well-recognized consequence of PEEP therapy. Accordingly, the deterioration of traumatic pneumothorax and/or the occurrence of pneumomediastinum after mechanical ventilation was the most likely cause of the PP in the present case. However, it remains possible that a minute unrecognized diaphragmatic injury caused the massive PP in the present case [7] .
Conclusion
We herein described a case of PP that occurred after mechanical ventilation in a patient with multiple injuries, but which did not originate from perforation of the gastrointestinal tract. It is most likely that the PP had an intrathoracic cause; however, the possibility remains that the PP was caused by an unrecognized minute diaphragmatic injury.
